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Abstract
This thesis entitled " Application of enzymes in organic synthesis" is divided into three chapters. 
Chapter I, which deals with the synthetic use of lipoxygenase, is further divided into two sections. Sec. A describes the general introduction of lipoxygenase and its biological role in plant world and human system, earlier work on synthetic utility of lipoxygenase and present work. Sec. B consists of asymmetric synthesis of unnatural C-20 hydroxy fattyacid (eicosatrienoid) by employing lipoxygenase catalyzed asymmetric hydroxylation reaction. Chapter II, deals with the design and synthesis of some novel lipoxygenase substrates and their inhibitors. Chapter III, describes lipase catalyzed kinetic resolution of trans substituted cyclopropane carboxylic acids anchored on solid support. 
Chapter I: Lipoxygenases are a group of non heme iron containing dioxygenases catalyzing the addition of molecular oxygen to poly unsaturated fatty acid (PUFA) in a stereospecific as well as regiospecific way (Scheme-1) and involved in the biosynthesis of inflammatory mediators in cell differentiation and atherogenesis. Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a71_figureNO1.jpg" \t "_blank​) We have designed and synthesized some unnatural surrogate substrates mimicking natural linoleic acid carrying a spacing modifier containing non ionic hydroxy end terminus (Scheme-2).Synthesis of 1a-1c was described as follows (Scheme-3). 3-butyn-1-ol was alkylated to give 2. Cis-hydrogenation of 2 followed by functional group interconversion provided (Z) iodo compound 3. On treatment with TPP it yielded the corresponding Wittig salt 4. A cis-selective Wittig olefination with appropriate aldehydic partner and further removal of protecting group afforded the dienol 5. The diene geometry was > 95% (Z, Z) as determined by GC. Final coupling of 5 with protected acid and removal of the protecting group gave 1a-1c in good yield. Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a71_figureNO2.jpg" \t "_blank​) conveniently either by an enzymatic method or chemically to yield diols 8 and 9. Finally removal of the prosthetic modifier yielded the (Z, E)-diene-diols 10 and 11 respectively (Scheme-4). Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a71_figureNO3.jpg" \t "_blank​) Regiochemistry: In all the above three cases oxygenation occurs at the appropriate olefinic site (w-6) yielding the product 6, where as formation of 7 by attack of oxygen at the inappropriate olefinic site (w-10) was very less. Stereochemistry: All the dienols exhibit excellent stereo-selection (ee >96%) as determined by chiral HPLC and from optical rotation measurement. It was attributed to the fact that lipoxygenase removes stereo-specifically pro- (S) hydrogen from the methylene carbon (flanked by Z, Z pentadienyl moiety) and simultaneous incorporation of molecular oxygen at w-6 position occurs in an antarafacial fashion The primary purpose of the prosthetic modifier (spacer) was to supply the missing structural features needed for enzymatic recognition and binding. It has also strong influence on the regiochemical outcome of the reaction by its high hydrophobic content when compared to natural substrate linoleic acid. Inspired by our findings we have designed and synthesized some new substrates where numbers of double bonds and their geometry have been changed (Compound 12, 13 and 14). Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a71_figureNO4.jpg" \t "_blank​) Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a71_figureNO5.jpg" \t "_blank​) Synthesis of 13 was started from propargyl alcohol as shown in Scheme-6. Propargyl alcohol was deprotonated with LiNH 2 and the anion alkylated to give the alkylated product. Controlled cis hydrogenation with Lindlar catalyst, conversion of hydroxy to iodo, coupling with 3-butyn -1-ol and reduction of the acetylenic bond to trans double bond with LAH gave the (Z, E) dienol. Coupling of the prosthetic modifier with this dienoic alcohols and finally removal of the protecting groups afforded 13 in good yield. Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a71_figureNO6.jpg" \t "_blank​) 
Synthesis of 14 started from 2 as shown in Scheme-7. Acetylenic triple bond in 2 was selectively reduced by Na-liq.NH 3 to give the E-alkenol. Conversion of hydroxy to iodo followed by refluxing with TPP yielded the Wittig ylide. Condensation of the ylide with 3-tetrahydropyranylpropanal and subsequent removal of THP group afforded the (E, Z) dienol. Coupling of the prosthetic modifier with this dienoic alcohols and finally removal of the protecting groups afforded 14 in good yield. Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a71_figureNO7.jpg" \t "_blank​) Compound 12 when treated with SBLO at the same condition described previously no detectable oxidation product was found. It may be due to fact that presence of three olefinic bonds made it more hydrophobic hence very less soluble in the aq. borate buffer.For compound 13 and 14 several mixtures of product were obtained. It was assumed that initial hydrogen abstraction was sterically hindered by the trans structure. Asymmetric synthesis of C-20 HOFA: In the recent years, unsaturated hydroxy fatty acids (octadecenoids and eicosanoids) have been the subject of interest because of the wide range of their biological properties such as ionophoric activity, self-defensive properties against blast disease in rice plant, etc. The presence of these fatty acids in natural sources in very insignificant amounts makes these compounds an important synthetic target. The synthesis was started from (Z, E) diene-diol 10a. First primary hydroxyl group was protected as its PMB ether, followed by secondary hydroxyl group protection as benzyl ether. Selective removal of PMB group afforded compound 15. Treatment of 15 with I 2 /TPP/Im yielded iodo compound 16, which on reaction with TPP provided the Wittig salt 17. Cis-selective Wittig olefination of 17 with the protected aldehyde and subsequent removal of THP group afforded (Z, Z, E) trienol 18. Jone's oxidation of 18 gave acid 19. Finally removal of benzyl group with Li/liq. NH 3 yielded the C-20 HOFA (eicosatrieniod) in 18% overall yield (Scheme-8). Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a71_figureNO8.jpg" \t "_blank​) 
Chapter II: In this chapter we have described detailed investigation for synthesis of some novel lipoxygenase substrates (20a-20j) carrying spacing modifiers with a non-ionic hydroxy terminus and with methylene pro (S) and pro(R) hydrogen replaced by several groups (e.g. alkyl, aryl, hydroxyl, Scheme-9). The substrates where pro- (S) hydrogen is present should act as a lipoxygenase substrate; where as substrate lacking pro- (S) hydrogen may act as a suitable substrate analogue inhibitor. Synthesis of 20a-20i was described as followed (Scheme-10). Monoprotected alcohol when subjected to lipase-catalyzed transesterification (R) alcohol 21(a-i) and (R) acetate 22(a-i) were obtained in good yield with high stereoselection. Swern oxidation of 21(a-i) and cis-Wittig olefination with n-hexyltriphenylphosphoniumiodide gave (Z) alkene 23(a-i). Deprotection of PMB group, Swern oxidation and another cis- Wittig olefination afforded (Z, Z) diene 24(a-i). Again removal of PMB group with DDQ afforded (Z, Z) dienol 25(a-i). Attachment of prosthetic modifiers and cleavage of PMB group gave 20a-20i having pro- (S) hydrogen. Enantiomers of 20a-20i having pro-(R) hydrogen were synthesized by following the same scheme starting from 22(a-i). Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a71_figureNO9.jpg" \t "_blank​) 
Compound 20j was synthesized as follows (Scheme-11). Propargyl alcohol was deprotonated with LiNH 2 and the anion alkylated with 1-bromopentane to give 2-octyn-1-ol. Swern Oxidation of 2-octyn-1-ol afforded the 2-octynal (26) in good yield. Subsequent condensation with appropriate protected alkyne and removal of protecting group afforded diacetylenic diol 27. Monoprotection of the primary alcohol functionality with tert-butyldiphenylsilylchloride gave 28. Enzymatic transesterification of 28 with CRL and vinyl acetate in organic solvent gave (R)-alcohol 29 and (S)-acetate 30. Among the organic solvents used for the transesterification, diethyl ether provided the best results with respect to both yield and ee. Lipases e.g. PPL and PSL were also used to mediate the same transesterification but no significant transesterification reaction occurred. The optical purity was in the range of 70-95% in both the cases as determined by chiral HPLC. It was observed that (S) isomer of the alcohol undergoes rapid enzymatic acylation compared to the corresponding (R) isomer, which reacts slowly. The secondary hydroxyl group in 29 was protected as its PMB ether, on treatment with 2,2,2-trichloro-1- (4-methoxybenzyloxy)-1-ethanimine in presence of CSA. Deprotection of silyl ether was achieved by TBAF treatment. Attachment of prosthetic moiety by DCC/DMAP coupling and final removal of PMB group with DDQ afforded bis acetylenic diol 31. On controlled hydrogenation of 31 with Lindlar catalyst 20j was obtained. Enantiomer of 20j having pro(R)-hydrogen was synthesized from 30 by following the same reaction sequence. Our main intention was to study the effect of different groups for the asymmetric hydroxylation of modified substrates with SBLO. Oxygenation of PUFA by lipoxygenase consists of three steps, a) removal of one hydrogen (pro-S) atom from the double allylic methylene carbon forming a radical, b) conjugation of the double bonds with a trans isomerization of the shifted double bond. A rearrangement of the radical electron and finally c) insertion of dioxygen in an antarafacial fashion accompany the conjugation. Now the presence of different groups definitely has some effect on the course of the reaction. Especially Ph and allyl as these groups can take part in the conjugation with the radical hence can change the reaction rate and yield. Details of this investigation are under progress. Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a71_figureNO10.jpg" \t "_blank​) Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a71_figureNO11.jpg" \t "_blank​) 
Chapter III: Here we have described an efficient enzyme catalyzed kinetic resolution of racemic trans-2, 2-dimethyl-3- (2,2-disubstitutedvinyl) cyclopropane carboxylic acids anchored on polymeric support (Scheme-12). Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a71_figureNO12.jpg" \t "_blank​) 
The acids were tethered with the resins (Merrifield, wang and Tentagel) via an ester linkage. The coupled esters were well characterized by FTIR and Gel l3 C FTNMR spectroscopy. For the resolution the coupled esters were taken in phosphate buffer (pH 7.8) and hydrolyzed with PPL (Type-VIS). After hydrolysis (+) (1R, 3R) acid comes into the solution as the (-)(1S, 3S) acid remains attached with the solid support. Cleavage from the solid support gave the (-) acid (Scheme-13). Enantiomeric excess (Ee) obtained was in the range of 80-95% (Table-1). Easy separation technique of the hydrolyzed acid from the unhydrolyzed ester made this process extremely efficient. The resins are recovered and recycled. Finally this method can be automated for the synthesis of chiral molecules in a combinatorial fashion. Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a71_figureNO13.jpg" \t "_blank​) 
Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a71_figureNO14.jpg" \t "_blank​)

